ABSTRACT: Soymilk was extracted from soybeans at room temperature, using water-to-bean ratios of 10:1 and 30:1 to obtain two different protein concentrations. Defatting of soymilk by centrifugation was studied with a focus on the effect of protein concentration. A kinetic model, with a rate constant k and a fat-protein binding constant K, was established by linear regression to describe the defatting process in both cases. A high water ratio resulting in a low protein concentration was favorable to defatting. Based on these results, an aqueous process was developed for the production of skimmed soymilk, consisting of grinding, extraction, cooking, centrifugation, and ultrafiltration. The product obtained had about 3 wt% protein and 0.3 wt% fat and thus qualified as skimmed soymilk.
Originally from the Orient, soymilk is becoming popular worldwide as the nutritional value of soy proteins is increasingly recognized. As an alternative source of supplementary proteins, it is particularly recommended to people experiencing intolerance to lactose present in cow's milk. The traditional way of making soymilk involves blending presoaked soybeans with water, cooking the ground mass, and straining it through filter cloth (1). Soymilk thus processed contains 2-3 wt% protein and 1-2 wt% fat. Although the protein makes the drink nutritious, the fat is viewed as a drawback by consumers because of the negative effects of fat such as weight gain. Therefore, there is a growing demand for skimmed soymilk.
Fat-free soymilk available in the market is made from solvent-defatted soy flour or meal. Defatting with organic solvents such as hexane is currently the standard practice in the soy industry. However, hexane defatting requires sophisticated extraction and recovery equipment, and the solvents pose health, safety, and environmental hazards. Therefore, alternative methods that do not use organic solvents for defatting are being sought in an effort to produce high-quality oil and protein products from oilseeds. Aqueous processing, which has received much attention due to its potential advantages, uses mainly water to extract oil and protein and hence is simple, safe, and environmentally benign. The key steps in aqueous processing include milling, extraction, solids separation, defatting, and protein recovery. In solvent extraction the oil is dissolved in miscible solvents, whereas in aqueous processing defatting is achieved by breaking emulsions through various mechanisms such as creaming, sedimentation, phase inversion, ripening, and coalescence (2). Centrifugation, one of most commonly used methods to break an emulsion, is based on creaming and coalescence, and both heating and freezing can destabilize emulsions by promoting coalescence. As a component of an aqueous process, the recovery of protein is usually accomplished by isoelectric precipitation or ultrafiltration before drying.
Several studies have reported aqueous processing of oilseeds, including peanut (3-6), cotton (3), soybean (7, 8) , sunflower (9), and mustard (10). Hagenmaier et al. (11, 12) readily extracted and separated clear oil from coconut using aqueous processing. For soybean processing, the results of Lawhon et al. (8) were of particular interest, because one of their aqueous processes gave a concentrate with nearly 80 wt% protein but less than 2 wt% fat. This was the lowest fat level in the protein products yet reported for an aqueous process. The method was, however, not very effective with seeds having high oil contents (such as rapeseed and mustard), and it tended to produce protein products with appreciable oil contents in the end. Sometimes proteolytic enzymes were used to aid oil separation from proteins since the hydrolysis of the oil-binding proteins would favor the coalescence of oil droplets (2). Most of these proteins are located in the membranes of oil bodies in the seeds and are relatively hydrophobic. The use of enzymes would, of course, increase the cost of products and is therefore fit for only high-value products in commercial production. For commodity items such as soymilk, where cost is still a major concern, simple and inexpensive processes are favored. Therefore, enzyme use may not be justifiable.
In an attempt to develop an aqueous process to produce skimmed soymilk, we combined and rearranged the typical operations used in soymilk production and aqueous processing of oilseeds, namely, grinding, extraction, cooking, filtration, centrifugation, and ultrafiltration. The present study reports defatting kinetics of soy extraction including the effect on defatting of various process conditions such as water-tosoybean ratio, centrifuge speed, and residence time in the centrifuge. Based on the kinetic study, a process for making skimmed soymilk was proposed and tested in the laboratory.
EXPERIMENTAL PROCEDURES
Blending and extraction. Dry soybeans were purchased from a local grocery store. In each batch, 100 g of beans were first presoaked overnight in water, and then ground with 500 g water in a Waring blender (Waring Commercial, Torrington, CT) for 1 min at the full-speed setting. The ground mass was transferred to a 4-L beaker, where additional water was added to make up a water-to-dry bean ratio of 10:1 or 30:1, and stirred on a magnetic stirrer at the maximum speed for 30 min at room temperature. For experiments where a water-to-dry bean ratio of 10:1 was used, four batches were combined for extraction after grinding to generate enough milk for centrifugation. The milk was then strained through Tyler No. 18 and No. 400 sieves. In some experiments, the milk was boiled for 15 min after straining. All samples were analyzed for total fat and protein content.
Centrifugation. The milk obtained as described above was centrifuged in an Armfield disc bowl centrifuge FT-15 (Armfield Limited, Hampshire, England) at speed settings of minimum, medium, and maximum. Owing to the small size of the unit, multiple (usually five) passes of the milk through the centrifuge were made to achieve extended residence times. In each pass the flow rate of milk was adjusted by turning the tap inside the receiving vessel to vary the residence time. The fat-enriched phase was discharged in between passes through the light-phase spout. For the calculation of mean residence time, the internal volume of the centrifuge was estimated by filling the rotor with water and weighing the difference. The G force generated by the centrifuge at a certain speed was estimated by the following equation:
where G -is the mean G force exerted on the liquid inside the rotor, ω the angular velocity, h the height of the liquid, R 1 the inner radius of each disc, R 2 the outer radius, and V the internal volume of the rotor. In this case, h, R 1 , and R 2 were measured to be 0.040, 0.015, and 0.045 m, respectively, and V was estimated to be 187 mL. Skimmed milk preparation. Each run was started with 100 g dry beans presoaked in water overnight. The soaked beans were wet-ground at a water-to-dry bean ratio of 5:1, as above, diluted to a ratio of 30:1, and extracted for 30 min while being stirred. After straining, the dilute milk was boiled for 15 min and cooled before being centrifuged at 5300 × g. Again, multiple passes were made during centrifugation to ensure a total mean residence time in excess of 10 min. The defatted, dilute milk was then concentrated 3.5 to 4 times by ultrafiltration in a high-output stirred cell (Millipore Ltd., Etobicoke, Ontario, Canada) using a regenerated cellulose membrane with a M.W. cutoff (MWCO) of 30,000 (Nadir Filtration GmbH, Wiesbaden, Germany). A trans-membrane pressure of ~350 kPa was maintained by compressed N 2 gas.
Analyses. A GC-based method was used for fat content determination (13). The equipment includes a Büchi B-815 extraction unit and a Büchi B-820 fat determinator (Betatek Inc., Toronto, Ontario, Canada). Protein content (N × 6.25) was determined by using the Kjeldahl method, including a Büchi K-424 digester and a Büchi K-314 distillation unit (Brinkmann Instruments, Mississauga, Ontario, Canada). Microsoft (Redmond, WA) Excel 97 was used for the regression of kinetic models and statistical analyses.
RESULTS AND DISCUSSION
Extraction. After the beans were ground, soymilk was extracted at room temperature and natural pH. The protein and fat data shown in Table 1 are from triplicate runs at water-tobean ratios of 10:1 or 30:1, respectively. Student's t-test confirms that neither protein nor fat extractability was varied significantly by the change in water ratio. Nearly 70% of the protein in the beans was extracted in water. This high protein extractability was likely due to the fact that untreated beans were used as the starting material for extraction, where the proteins existed in the natural form and were not denatured. According to Wolf (14), although the major fractions of soybean protein are globulins, these fractions can be extracted with water with no pH adjustment or salt addition. In the natural pH range of soybean extract, usually between 6.4 and 6.6, up to 85% of the protein is extracted from the beans. Extraction at elevated pH values and temperatures may increase protein extractability to some extent, but it also can cause problems for further processing and possibly even damage the protein. Therefore, these extraction conditions were not tried. As a result of the high protein extractability and fat-protein binding, most of the fat in the beans also ended up in the extract, making up more than 1 wt% of the total mass of the a Numbers are all means of triplicates, and the two numbers in the same column are significantly different (P < 0.05). b Extractability is the percentage of the amount extracted compared to the total amount in the beans. The values shown are means of triplicate runs, and the two numbers under this heading are not significantly different (P < 0.05).
